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a Abstract > 


Introduction: The relationship between Periodontal status and several types of cancer has been investigated over the past 


decades. The aim of the current research was to assess the effect of various risk factors on the risk of development of renal 
cell carcinoma in Greece using data form a population based case-control study design. 

Material and Methods: Data from a population based case-control study and a clinical oral examination of 130 cases of 
renal cell carcinoma and 130 population controls were collected through a modified standardized questionnaire and a 
clinical examination and analyzed using univariate and logistic regression models. Periodontal condition contained the 
following indices, Probing Pocket Depth (PPD), Clinical Attachment Loss (CAL), Gingival Index (GI) and Bleeding on 
Probing (BOP). 

Results: The presence of a renal cell cancer family history was associated with significantly increased adjusted OR [3,403- 
15,110]. Moreover, significantly increased adjusted ORs were found to be associated with cigarette smoking [1,433-5,049] 
and BOP [1,095-2,887], respectively. 

Conclusions: The current research suggest positive associations with presence of renal cell cancer family history, smoking 
and presence of BOP in the etiology of renal cell cancer. 

Keywords: Renal Cell Cancer; Periodontal Disease; Risk Factors; Adults 

Abbreviations: PPD: Probing Pocket Depth, CAL: Clinical Attachment Loss, GI: Gingival Index, BOP: Bleeding on 
Probing, RCC: Renal cell cancer, ccRCC: Clear Cell Renal Cell Carcinoma, MS: Metabolic Syndrome, VDBP: Vitamin D- 
Binding Protein, PD: Periodontal Disease, ROS: Reactive Oxygen Species, RNI: Reactive Nitrogen Intermediates, IL: 
Interleukin, INF: Interferon, TNF: Tumor Necrosis Factor, CI: Confidence Interval, WHO: World Health Organization, 


BMI: Body Mass Index, VDBP: Vitamin D-Binding Protein, EMT: Epithelial-Mesenchymal ) 
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Introduction 


Renal cell cancer (RCC) is responsible for around 3% of all 
malignancies in adults is the 12 most common cancer 
worldwide, and around 100,000 deaths recorded annually [1]. 
RCC represents 80-85% of renal cancers, is the most common 
renal variety, the third most commonly diagnosed urogenital 
malignancy [2] and is characterized by an increasing 
prevalence [3]. 

Subtypes of RCC include clear cell renal cell carcinoma 
(ccRCC), that is the most frequent histological type showing 
a prevalence of 75% of all primary renal cancers, whereas 
papillary and chromophobe RCC are two less common 
subtypes [4]. 

Despite the progress in diagnosis, a rate of 20-30% of all 
patients are diagnosed with metastatic disease. Metastatic 
RCC patients have a median survival of around 13 months, 
whereas the 5-year survival rate is less than 10% [5]. 

Renal cancers are more common in males than in females and 
the incidence has been increasing in advanced age, worldwide 
[1]. Demographic parameters, cigarette smoking, obesity, 
pathological conditions such as hypertension, hyperglycemia 
and hypertriglyceridemia belonging to the metabolic 
syndrome (MS) exposure to industrial or environmental 
agents, use of phenacetin containing analgetics, and lack of 
physical activity have been associated with RCC risk [6]. 
Factors that can also increase the risk of RCC include older 
age, as already has been mentioned, circulating vitamin D- 
binding protein (VDBP) concentration [7], treatment for renal 
failure, certain inherited syndromes, such as patients with von 
Hippel-Lindau disease, Birt-Hogg-Dube syndrome, tuberous 
sclerosis complex, hereditary papillary renal cell carcinoma 
or familial renal cancer, and family history of RCC [8]. 
Periodontal disease (PD), is a chronic inflammatory disease 
caused by bacterial infection which invades gingiva and 
periodontal supporting tissues [9], and is divided into two 
main types, gingivitis and periodontitis. In periodontitis 
periodontal bacteria [10] and viruses [11] are responsible for 
a host immuno-inflammatory response in periodontal tissues 
that leads to periodontal pocket formation, attachment loss 
and bone loss. PD prevalence and severity increases with age 
[12] and in case of aggressive and severe PD results in tooth 


loss [13]. Chronic PD risk factors are diabetes mellitus, and 


Periodontal infection has systemic implications [14] and 


obesity [12]. 


patients with PD show an increased risk of various 
pathological conditions such as ischemic heart disease [15], 
stroke [16], type 2 diabetes mellitus [14], osteoporosis [14], 
rheumatoid arthritis [17], respiratory diseases [18], and 
several types of human cancers [19]. An increased risk of total 
cancer [20,21] and certain location-specific types of cancer 
[22-24] have been associated with PD, tooth loss, and poor 
oral hygiene, independent of age, tobacco consumption, and 
alcohol consumption. At this time they remain unknown the 
exact mechanisms for the possible association between PD 
and risk for cancer development. 

Periodontal pathogens could invade into the blood circulation 
and reach distant tissues [25] and to infect them via ingestion 
[26] or by aspiration into the lungs [27]. Those pathogens 
have been isolated in various organs such as lung aspirates 
[27], lymph nodes [28], arteries [29], precancerous gastric 
[30] and colon lesions [31], and esophageal [32] and 
colorectal cancers [33]. In those target locations periodontal 
bacteria may promote a permissive microenvironment 
favorable to cancer progression [31,34]. 

Chronic inflammation is considered as one of the main risk 
factors for cancer development. Periodontal infection is 
responsible for a chronic inflammation, and destruction of 
periodontal tissues [35], caused by elevated concentrations of 
circulating inflammatory biomarkers, whereas the spread of 
bacteria and inflammatory mediators can cause systemic 
inflammatory responses and damage to various organs [36]. 
Those responses induce cell proliferation and reactive oxygen 
species (ROS) reactive nitrogen intermediates (RNI) and 
other metabolites release that can promote cancer initiation 
[36,37]. 

Other crucial pro-inflammatory biomarkers that produced by 
periodontal bacteria such as Porphyromonas Gingivalis, 
Tannerella forsythia, Treponema denticola, Fusobacterium 
nucleatum, and Aggregatibacter actinomycetemcomitans 
[38], include the known cytokines and chemokines, such 
interleukin (IL)-1a, IL-18, IL-6, IL-12, interferon-y (INF-y), 
and tumor necrosis factor (TNF)-a. Those biomarkers are 
able to induce oncogenic responses [39]. Poor oral health and 


periodontitis are associated with dysbiosis [40], that means 


www.acquirepublications.org/JCRMH 


Journal of Case Reports and Medical History 


alterations in the mouth bacterial communities, and in the 
immune status [41], which may be directly implicated in 
carcinogenesis. Very few research has investigated the 
association between PD indices or oral status and risk of 
kidney cancer development [21,42-44]. Supposing that a 
single epidemiological study may not be sufficient to 
determine the effect of PD on RCC risk, prospective and 
retrospective studies are required to further investigate and 
clarify the possible link between PD and RCC risk. 

PD has been assessed by using self-report of periodontitis or 
using individual oral health assessments, such as 
measurements of PPD, CAL, and alveolar bone loss from 
radiographs, in observational studies. The wide variation in 
methods and criteria used for the periodontitis assessment and 
classification may explain in some extent the discrepancies 
observed across observational studies. 

The current study is the first in Greece that investigated the 
possible association, as no previous epidemiological 
researches have been performed. The purpose of the current 
case-control study was to examine the possible association 
between PD indices and risk of RCC in a Greek adults 


sample. 


Materials And Methods 


Study population design and data collection 

The current study was carried out between June 2021 and 
April 2022 and consisted of 260 participants who recruited 
from two private medical and a dental practice. The study 
sample size was calculated by the EPITOOLS guidelines 
(https://epitools.ausvet.com.au) determined with 95% 
Confidence Interval (CI) and desired power 0.8. The World 


Health Organization (WHO) recommendations [45] for 


assessing periodontal status incidence were used for assessing 
age group. 

The study sample consisted of 260 individuals, 130 who 
suffered from RCC - cases and 130 healthy individuals - 
control, aged 48 to 77. 

The diagnosis of RCC made by the same physicians and 
derived from their medical files. Most cases of RCC are 
strongly suspected and diagnosed by US and _ further 
investigated by CT scan, whereas MRI may provide 


additional data. However the definitive diagnosis based on a 


renal tumor core biopsy as provides histopathological 


confirmation of malignancy with high specificity and 
sensitivity, and before the application of any treatment such 
as surgery, chemotherapy, radiation therapy, targeted therapy, 
and immunotherapy [46]. 

Eligibility Criteria 

To be eligible, the participants, cases and controls, should not 
have been treated by a conservative or a surgical process in 
their oral cavity in the last 6 months, or prescribed for 
systemic antibiotic regimens or immunosuppression agents or 
glucocorticoids within the previous 6 months. They should 
also have more than 15 teeth and periodontitis from stage I to 
IV [47]. 

Potential participants were excluded if they had 
cardiovascular diseases, diabetes mellitus, or any type of 
other types of cancer. The mentioned diseases could affect 
oral and periodontal tissues and result in biased secondary 
associations. 

Individuals derived from the friendly and collegial 
environment of cases, were resident of the same city with 
cases, and were presented to routine health follow-up at the 
mentioned practices determined the controls group. 
Moreover, cases and controls were matched for gender and 
age, whereas advanced RCC patients under medical 
treatment/metastatic disease, and hospital patients were 
excluded from the study protocol. 

The current study as a non-experimental one was not 
approved by authorized committees (Ministry of Health, etc.). 
All participants were informed about the aims/methods and 
significance of the current research, and gave their written 
consent to enroll in the study protocol. 

Research Questionnaire 

A modified Minnesota Dental School Medical Questionnaire 
[48], was given to all participants. Participants were asked to 
report their age, gender, smoking status, socio-economic and 
educational status, and data derived from their past Dental / 
Medical history. 

For assessing the intra-examiner variance a randomly 
selected sample of 60 (20%) individuals re-examined 
clinically after a period of 21 days, without giving oral 
hygiene instructions to the participants, by the same Dentist. 


No differences were recorded between the Ist and the 2nd 
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clinical examination (Cohen's Kappa = 0.97). 

Assessment of Periodontal Disease indices 

All interproximal sites, mesial and distal, were measured 
using the following indices, PPD, CAL, the gingival 
condition (Gingival Index, GI) and BOP in all quadrants apart 
from remaining roots and third molars. The worst values of 
the indices assessed to the nearestl!.0 mm and coded as 
dichotomous variables for each individual, using a Williams 
probe with a controlled force of 0.2 N (DB764R, Aesculap 
AG & Co. KG, Tuttlingen, Germany). PPD was 
dichotomously assessed as score 0: stage I [maximum PPD < 
4.0 mm] and score 1: stage II-IV [PPD < 4.0 - > 6.0 mm], and 
CAL severity was assessed as score 0: stage I [CAL: 1.0-2.0 
mm], and score 1: stage II-IV [CAL: 3.00 - => 5.0 mm] [47]. 
GI classified as score 0, which corresponds to Loe [49] 
classification 0 and 1, and-score 1,which corresponds to Lée 
classification as score 2 and 3. BOP was coded as score 0: 
absence, and score |: presence of BOP and regarded positive 
if it occurred within 15 seconds of probing [50]. 
Assessment of covariates 

Socio-demographic variables, and potential variables 
regarded as indicators or risk factors for RCC included as 
covariates in the univariate and multivariable analyses. 
Education status was classified as elementary level and 
graduated from University/College. Socio-economic status 
was classified as < 1,000 and >1,000 €/month. Cigarette 
smoking was categorized as never (individuals who smoked 
<100 cigarettes during their lifetime), and former (individuals 
who smoked at least 100 cigarettes in their lifetime and 
reported that they now smoke “not at all”)/current smokers 
(individuals who smoked at least 100 cigarettes in their 
lifetime and reported they now smoke “every day” or “some 
days”). Body Mass Index (BMI) is an obesity index and was 
classified as normal (<30 Kg/m2) and high (=30 Kg/m2) and 
is considered as a risk factor for RCC development [51]. 
Hypertension is present if the resting blood pressure is 
insistently > 130/80 or 140/90 mmHg [52]. Phenacetin-based 
analgesics have been linked to the development of RCC, 
based on received doses per week as regular (< 2 times a week 
for 1 month or longer, <2.0 gr), and maximum (dose >2 
gr/weekly). [53] Exposure to environmental/ industrial agents 


included workers in plastic, petroleum/gasoline, coal, 


mineral, and oil, industries. Familial history cancer concerned 


RCC in first-degree relatives [54]. 

Statistical Analysis 

The worst values of PD indices for cases and controls were 
coded as 1. 

Females, never smokers, low socioeconomic 
[income/monthly < 1,000 €] and educational level [graduated 
from Elementary/High School], normal BMI, absence of 
previous kidney failure treatment, RCC family history, 
previous exposure to industrial/ environmental agents, 
previous phenacetin usage hypertension, and controls were 
coded as 0. Cases and controls age distribution was coded as 
0, 1, 2, and 3 for ages 48-50, 51-60, 61-70 and 71+, 
respectively. 

Univariate analysis (chi-square) model was applied to assess 
the associations between the independent indices examined 
and cases/controls, separately. Multivariate logistic 
regression analysis model was performed to estimate the 
associations between the dependent variable, RCC, and 
independent ones using the Enter and Stepwise methods. 
Unadjusted and Adjusted Odds Ratios [OR's] and 95% 
[Confidence Interval] CI were also estimated. The statistical 
model Cohran’s and Mantel-Haenszel’s was applied to 
control possible confounders, such as smoking, SES and 
educational status. 

The SPSS statistical package [SPSS PC20.0, SPSS, Inc., 
Chicago, IL, USA], was performed for statistical analysis, 
and a p value less than 5% [p< 0.05] was considered to be 


statistically significant. 


Results 


The mean age of cases and controls was 56.6 + 3.5 and 58.3 
+ 4.7 years, respectively. The main histological type was clear 
cell renal cell carcinoma (ccRCC), and in the study protocol 
were not included the other types of RCC as its etiology 
differs. Table 1 presents the results after performing the 
univariate analysis model. The model indicated that 
previous/current smokers [p = 0.04, 95% CI = 0.472 (0.281- 
0.793)], family history [ p=0.000, 95% CI = 0.206 (0.107- 
0.399)], and BOP [p = 0.009, 95% CI = 0.506 (0.302-0.849)], 
were Statistically significantly associated with risk for RCC 


development. Table 1 also shows Unadjusted Odds Ratio and 
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95% CI for each parameter examined. 


Table 1. Univariate analysis of cases and controls regarding each independent variable 


Variables Cases Controls p-value Anadjusted Odds Ratio and 95% 
Confidence Interval 
Gender 
Males 69 (53.1) 7A (56.9) 0.533 0.856 (0.525-1.396) 
Females 61 (46.9) 56 (43.1) 
Age 
48-50 23 (17.7) 26 (20.0) 
51-60 42 (32.3) 38 (29.2) 0.746 
61-70 49 (37.7) 45 (34.6) 
71+ 16 (12.3) 21 (16.2) 
Education level 
Low 40 (30.8) 46 (35.4) 0.429 0.812 (0.484-1.362) 
High 90 (69.2) 84 (64.6) 
Socio-economic status 
Low 75 (57.7) 81 (62.3) 0.448 0.825 (0.502-1.356) 
High 55 (42.3) 49 (37.7) 
Smoking 
Never 35 (26.9) 57 (43.8) 0.040* 0.472 (0.281-0.793) 
Previous/Current 95 (73.1) 73 (56.2) 
RCC family history 
Absence 82 (63.1) 116 (89.2) 0.000* 0.206 (0.107-0.399) 
Presence 48 (36.9) 14 (10.8) 
Hypertension 
Absence 43 (33.1) 48 (36.9) 0.516 0.844 (0.507-1.406) 
Presence 87 (66.9) 82 (63.1) 
Treatment of Kidney Failure 
Absence 73 (56.2) 80 (61.5) 0.378 0.800 (0.488-1.313) 
Presence 57 (43.8) 50 (38.5) 
Body Mass Index 
<30 kg/m? 31 (39.2) 58 (44.6) 0.379 0.801 (0.489-1.313) 
>30 kg/m? 79 (60.6) 72 (55.4) 
Phenacetin Use 
No 76 (58.5) 67 (51.5) 0.262 1.323 (0.811-2.160) 
Yes 54 (41.5) 63 (48.5) 
Exposure to ind/environ. factors 
No 77 (59.2) 68 (52.3) 0.261 1.325 (0.811-2.164) 
Yes 53 (40.8) 62 (47.7) 
Probing pocket depth 
0-3.00 mm 40 (30.8) 47 (36.2) 0.358 0.785 (0.468-1.316) 
=4.0 mm 90 (69.2) 83 (63.8) 
Clinical Attachment Loss 
1.00-2.00 mm 46 (35.4) 53 (40.8) 0.371 0.796 (0.482-1.314) 
> 3.0mm 84 (64.6) 77 (59.2) 
Gingival Index 
Absence/Mild 27 (20.8) 42 (32.3) 0.085 0.549 (0.313-0.962) 
Moderate/Severe 103 (79.2) 88 (67.7) 
Bleeding on probing 
Absence 36 (27.7) 56 (43.1) 0.009* 0.506 (0.302-0.849) 
Presence 94 (72.3) 74 (56.9) 


* p-value statistically significant 
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After performing the 1 model (step 1°) of the logistic 
regression analysis the same indices were found to be 
statistically significantly associated with RRC risk. Adjusted 
Odds Ratio and 95% CI for each variable examined is 
presented in the Table 2. 

Similarly, the final model (step 12*) of multivariate regression 
analysis is in Table 2 and 
previous/current smokers [p = 0.02, 95% CI = 1,433-5,049], 


presented showed that 


family history [p = 0.000, 95% CI = 3,403-15,110], and BOP 
0.048, 95% CI = 1,095-2,887] were statistically 


p= 
significantly associated with risk for RCC development. 

Tables 3 indicates the outcomes after applying the statistical 
model Cohran’s and Mantel-Haenszel’s for controlling 


possible confounders, such as gender, smoking, and SES. It 


is obvious that smoking status is not a confounder. 


Table 2. Multivariate logistic regression analysis model of cases and controls regarding risk 


factors examined and RCC according to Enter (first step-1*) and Wald (last step 12*) 


Variables in the Equation 
B S.E. Wald df; Sig. Exp(B) | 95% C.I. for EXP(B) 
Lower Upper 
age ,059 ,159 ,136 1 713 943 ,690 1,289 
gender ,052 310 ,029 1 ,866 949 517 1,742 
ses -,122 322 143 1 705 885 471 1,665 
educ.level 5287 3328 5768 1 381 1,333 5/01 2,533 
smok. status 1,008 3348 8,401 1 ,004* 2,739 1,386 5,414 
obesity ,089 324 ,075 1 5784 1,093 579 2,064 
hypertension ,084 3337 ,061 1 ,804 1,087 61 2,106 
treat.prev.k.fail 237 315 567 1 452 1,267 ,684 2,347 
Step 1° inherited. syndr 838 ,335 819 1 094 1,685 ,677 2,757 
family. history 2,079 413 25,360 1 | ,000* 7,996 3,560 17,958 
phenacet. usage ,183 3327 316 1 i574 1,201 ,633 2,279 
expos. agents ,199 3344 5765 1 5278 1,315 ,744 2,303 
ppd 111 401 ,077 1 5782 895 408 1,964 
cal 567 410 1,915 1 ,166 1,763 5790 3,936 
ging. index 014 385 ,001 1 971 1,014 477 2,155 
bleed.on.prob 1,013 1333 2,251 1 | ,052* 1,754 834 2,291 
Constant 3,401 5726 21,952 1 ,000 ,033 
smok.status 5990 321 9,492 1 ,002* 2,690 1,433 5,049 
Step 12" family. history 1,970 380 26,840 1 | ,000* 7,171 3,403 15,110 
bleed.on.prob 1,014 3312 4,541 1 ,048* 1,758 1,095 2,887 
Constant 3,742 439 38,956 1 ,000 ,064 


a. Variable(s) entered on step 1: age, gender, ses, educ.level, smok.status, obesity, hypertension, treat.prev.k.fail, family. History, phenacet. 


Usage, expos. agents, ppd, cal, ging.index, bleed.on.prob. 


* p-value statistically significant 


Table 3. Cohran’s and Mantel-Haenszel’s statistical method for controlling known Confounders 


Variable Bleeding on Probing Exp(B) 95% Confidence Interval 

Gender 
Males 0.842 0.371 — 1.418 
Females 0.811 0.402 — 1.266 

Smoking status 
Non-smokers 1.055 0.648 — 1.854 
Smokers 2.479 1.230 — 5.154 
Socio-economic status 

Low 0.807 0.412 —- 1.211 
High 0.788 0.396 — 1.192 
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Discussion 


The outcomes revealed that individuals with a RCC family 
history, previous/current smokers, and BOP were at 
significantly higher risk for developing RCC. 

The exact etiology of RCC remains unclear and various 
modifiable and unmodifiable risk factors have been proposed 
as contributing factors, such as male gender, advanced age 
[1], cigarette smoking, obesity, hypertension, hyperglycemia 
and hypertriglyceridemia, exposure to — industrial/ 
environmental agents, use of phenacetin containing 
analgetics, and lack of physical activity [6]. 

Additional risk factors include [7] circulating vitamin D- 
binding protein (VDBP) concentration, treatment for renal 
failure, certain inherited syndromes, such as patients with von 
Hippel-Lindau disease, Birt-Hogg-Dube syndrome, tuberous 
sclerosis complex, hereditary papillary RCC or familial renal 
cancer, and family history of RCC [8]. 

No associations between advanced age, male gender, 
hypertension, treatment for renal failure, increased BMI, 
previous exposure to industrial/environmental agents and use 
of phenacetin containing analgetics were recorded. 

RCC risk found to be associated with cigarette smoking, 
finding that was in accordance with the results of previous 
researches and is considered as an established risk factor for 
RCC [55,56]. 

Moreover, both current and former smokers have an 
increased risk of developing RCC, with heavy smokers 
showing the highest incidence [55,57]. 

Smoking seems to induce renal damage by several 
mechanisms, including tubulotoxic effects, hemodynamic 
changes, endothelial cell dysfunction, and oxidative stress 
[58], which are potentially implicated in carcinogenesis and 
cancer progression. Tobacco smoking is responsible for 
genetic and epigenetic abnormalities such as gene mutations, 
deletions, and DNA methylation. 

Polycyclic aromatic hydrocarbons in tobacco smoke can 
induce mutations in the p53 gene, which can potentially result 
in cancer progression [59]. Smoking has been suggested to 
have an effect on the immune system, promoting 
inflammation and suppressing the immune function by 


reducing T-cell and natural killer cell activation. 


Inflammation and immune suppression could result in 


neoplastic growth [60]. 

Similarly, a previous family RCC history was statistically 
significantly associated with RCC risk. Previous researches 
have confirmed such a finding [61,62]. Similar reports have 
reported associations ranging from none to a five-fold 
increase in risk [63-66]. One of those indicated that almost 
60% of RCC patients had a first- or second-degree relative 
with RCC [64], suggesting a strong genetic component to 
risk. On the contrary, a Canadian case-control study did not 
identify any association between family history and RCC 
[67], and two similar reports recorded a nonsignificant 
increased risk for individuals with at least one first degree 
relative with RCC [68,69]. RCC cases occur sporadically, 
however, several hereditary conditions, such as VHL 
syndrome [67], hereditary papillary renal cancer related to 
germline mutations, activation of the MET and the FH gene 
[70], and BHD [71], have been linked to RCC development. 
However, the mentioned syndromes are rare and possibly 
most of the familial risk is not attributed to these highly 
penetrant genes [72]. Other lower penetrance genes may exist 
with higher frequency in the population and may are 
responsible for more cases of RCC [73]. Previous surveys 
revealed higher risks among siblings than among parents and 
offspring [64,65,68]. 

Chronic inflammation can result in carcinogenesis [74], and 
the pathway of cancer-related inflammation is the recruitment 
of leukocytes, production of cytokines and chemokines, and 
subsequent progression, angiogenesis, epithelial- 
mesenchymal transition (EMT), migration, and metastasis 
[75]. Activated inflammatory cells, neutrophils, 
macrophages, and dendritic cells, secrete pro-inflammatory 
and pro-growth cytokines and chemokines, such as matrix 
metalloproteases, pro-angiogenic molecules, TNF-a, ROS 
and RNI species that can induce DNA damage in epithelial 
cells and produce an environment for both initiation and 
progression of carcinogenesis at local and distant locations 
[76]. 

PD and periodontitis as a chronic inflammation is responsible 
for releasing of bacterial and inflammatory mediators into 
saliva and, to a lesser degree, into blood circulation. 


Periodontal pathogens might promote cancer development 
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through invasion of blood vessels, bacteremia, and 
subclinical infection in distant locations [77]. Those 
pathogens also have essential roles in the carcinogenesis of 
distant organs, such as Porphyromonas gingivalis and 
Fusobacterium nucleatum [26,78]. Porphyromonas gingivalis 
could penetrate and invade various epithelial cells, affecting 
the cell cycle and preventing epithelial cell apoptosis, a 
landmark of cancer development [79]. 

Oral bacteria metabolism carcinogenic by-products are 
suggested to be important in the link between PD and cancer. 
PD may influence carcinogenesis through the increased 
production of carcinogens, mainly nitrosamines. Individuals 
with PD and poor oral hygiene have considerably increased 
levels of oral bacteria and nitrosamine levels in their oral 
cavity due to the presence of nitrate-reducing bacteria [80]. 
Poor oral hygiene and loss of teeth might lead to greater 
endogenous nitrosamine production and consequently a 
greater risk of cancer. 

However, it remains unclear whether PD directly increases 
cancer risk or shared genetic and/or environmental etiological 
factors are also involved. Dysbiosis of the oral microbiota, 
bacteria induced immune evasion and dysregulation, 
activation of various cellular signaling pathways, and 
subsequent inhibition of apoptosis and activation of cell 
proliferation in patients with chronic PD have been suggested 
as pro-tumorigenic mechanisms [81]. Some of the genes 
consistently associated with aggressive periodontitis, such as 
COX2 and CDKN2B are also associated with cancer, 
observation that suggests shared genetic susceptibility 
between PD and cancer [34]. 

BOP is a critical periodontal diagnosis indicator, the most 
reliable PD activity indicator [82], and an indicator of disease 
progression [83], as can be effective in the diagnosis and 
monitoring of active PD [84,85] and sites that BOP tend to 
have significantly more inflammation than nonbleeding sites. 
As a PD index, BOP indicates the host’s vascular response in 
terms of hyperemia, the dilation of capillaries and increased 
blood flow in the inflammation location. BOP is also a widely 
used criterion to diagnose gingival inflammation, however it 
has been suggested that periodontal pockets with a probing 
depth of =5.00 mm showed a significantly higher incidence 


of BOP [82]. In most cases, BOP is an earlier inflammation 


sign than gingival color changes [86]. Depending on the 


inflammation severity bleeding can vary from a thin red line 
along the gingival sulcus to abundant bleeding [83]. 

The etiological relationship between PD and RCC remains 
unknown, and little is known about their underlying 
mechanisms. Few previous studies have investigated the 
mentioned association. Hujoel et al. [42] recorded that 
gingival inflammation could be a risk factor for several types 
of cancer development. A similar article showed that 
periodontitis was associated with a 33% increase in risk for 
smoking-related RCC [43]. Significant associations for 
individuals with a history of PD were revealed for kidney 
cancer and after adjusting for known risk factors, including 
detailed smoking history and dietary factors (HR = 1.49, 95% 
CI = 1.12-1.97). However, no association was found when 
limited to never-smokers alone (HR = 1.06, 95%CI = 0.61- 
1.85) [21]. 

In another report among postmenopausal females no 
significant association was observed between PD indices and 
risk of kidney cancer [HR = 1.09 95% CI = 0.76-1.56] [44]. 
It could be hypothesized that deleterious agents derived from 
smoking metabolism and biomarkers derived from the 
chronic inflammation of periodontal tissues are responsible 
for RCC development. 

Strengths of the current research concern the completeness of 
follow-up, the control of possible confounding and 
interaction by known risk factors. The assessment of PD 
status by oral clinical examination and not by a self-report 
questionnaire, led to an unbiased classification of exposure to 
PD. Self-reported data could result in misclassification and 
thus to the underestimation of the association examined. 
Residual confounding by smoking may be a major limitation 
as it is a known confounder. After adjusting for common 
confounders, including, gender, smoking, and SES we cannot 
exclude residual confounding by smoking to explain the 
recorded association. It is obvious that further research is 
required to investigate the possible association between 


periodontal status and risk of RCC development. 


Conclusion 
In conclusion, individuals with a RCC cancer family history, 


smoking, and BOP were at significantly higher risk for deve- 
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-lopping RCC, after adjusting for known confounders. 
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